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1.0 INTRODUCTION

This report summarizes post-flight instrumentation hardware and
data evaluations for 360L003.

The 360L003 motors were equipped with Developmental Flight
Instrumentation (DFI), Operational Flight Instrumentation (OFI),
and Ground Environment Instrumentation (GEI). The DFI was
designed to measure strain, temperature, pressure, and vibration
at various locations on the motor during flight. The DFI is used
to validate engineering models in a flight environment. The OFI
consists of six Operational Pressure Transducers (OPTs) which
monitor chamber pressure during flight. These pressure
transducers are used in the SRB separation cue. GEI measures the
motor case, igniter flange, and nozzle temperatures prior to
launch.

2.0 APPLICABLE DOCUMENTS

The latest revision of the following documents are applicable to
the extent specified herein.

TWR-15968 Interim Summary/Status Pressure Transducer
Investigation

ICD 3-44005 SRB to SRM Electrical and Instrumentation
Subsystems

3.0 SUMMARY

3.1 Hardware Inspection Summary

Overall, the post flight condition of the instrumentation was
excellent. There was substantially less damage on this flight
set than there has been on the past two flights. There were a
total of 21 aft edge hits caused by re-entry debris. This
compares to well over 100 aft edge hits on past flights. Cork
was also missing just forward of the kick-ring joint. This cork
is normally blown away due to air and water trapped inside the
aft skirt at splash down. However, greater amounts of soot were
deposited on broken edges of the cork than was apparent in the
past. The MTI and MSFC Teams concluded that this was due to
greater amounts of soot and burning foam in the aft skirt caused
by separation of the exit cone at apogee. The Ice and Debris
Team did not agree and a PR was written. Cork samples were
removed and sent to the Malfunction Lab. No conclusions were
available at the time of this writing.
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All cabling and sensors were inspected and determined to be in
nominal condition with the exception of the aft dome area and two
accelerometers. Because the exit cone was separated at apogee,
there was a greater amount of heating and sooting inside the aft
skirt than there has been in the past. There was, however, less
water impact damage. 1In the past much of the cabling is
completely torn off. The cabling on the aft domes on this flight
remained intact at the connectors. This caused a problem in that
the cables hung down around the nozzle and the divers had to work
around them to insert the nozzle plug. The divers were told that
they could cut these cables if the problem occurs in the future.

Two accelerometers, BO8D7175A and BO8D8177A were not tightly

" secured to their mounting blocks at the time of inspection.

These accelerometers are inspected after the accelerometer
assemblies are hydrolased from the motor and disassembled. The
data was reviewed and appears to be normal, indicating that the
loosening was a post-flight event. Since the accelerometers are
enclosed in a fairing, there is no debris concerns with the loose
accelerometers. All accelerometers and low pressure fairings
were tightly bonded to the motor cases.

3.2 Data Performance Summary

360L0O03 contained 531 channels of instrumentation - 417 DFI, 6
OFI, and 108 GEI. Of the 417 channels of DFI, 28 were waived.
375 (96.4%) of the remaining 389 functioned properly throughout
their respective mission phase. 105 (97.2%) out of 108 GEI gages
and 6 (100%) OFI gages functioned properly throughout their phase
of the mission. Excluding gages which were waived, 486 (97%) of
the remaining 503 DFI, GEI and OFI gages performed as expected.
This is an acceptable percentage. All launch commit criteria
gages were functioning prior to launch.

Girth gages on both the right and left hand motor showed data
spikes similar to those seen on 360L001 and 360L002. The data
spikes occur during ignition transient, and seem to be present
only in girth gage data. Also, several girth gages on the right
motor showed a .25 second lag from the expected strain curve.
The causes of these anomalies have not been determined, although
there is reason to believe that they are related. :

Approximately 29% of nozzle and aft dome instrumentation was lost
during max reentry or chute deployment (Appendix B). The loss of
these measurements severely reduces the ability to measure and
understand splash down loads.
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4.0 CONCLUSIONS

4.1 Hardware Condition

The condition of the instrumentation and associated TPS is
excellent. The MTI and MSFC Teams agree that there are no debris
issues. However, at the request of the Debris Team some cork
samples were evaluated at the Malfunction Lab to determine if
cork next to the kick-ring joint could have come off in Flight.
Lab tests were inconclusive.

4.2 Data Conclusions

The data recovered from 360L0O03 was good with few exceptions. A
few anomalies were noted on girth gages during the ignition
transient - (Appendix B). Data from these instruments seemed to be
good through the remainder of the flight.

Instrument losses in the nozzle area during descent due to
thermal curtain break-up has limited the amount of nozzle splash
down data that is available.

Due to the loss of much of the aft dome/nozzle instrumentation,
adequate data is not available to determine splash down loads.
Since this is a time period where adequate data was not obtained
from the SRM Program, and previous RSRM flights have had similar
losses, there is no existing data to verify these loads.

DFI needs to continue as long as there are areas that is not
fully understood or there are loads that are not verified. 1If

DFI is continued, a design change is required to better protect
the sensors and cabling installed on the aft dome and nozzle.

5.0 DISCUSSION

5.1 Hardware Inspection

The TPS had minimal damage. There were 11 aft edge hits on the
left RSRM and 10 hits on the right RSRM. The largest cork
damaged area was on the left RSRM at station 539, 105°. There
was a 4 by 6 inch piece of cork (see figure 1) that was torn away
due to debris impact causing cohesive failure in the cork. There
was no evidence of heat effect in the damaged area.

There was no evidence of unusual erosion or heat affect on any of
the cork runs. However, the aft segments were heavily sooted.
This is a result of severing the exit cone at apogee. Because
the exit cone was shorter during a greater portion of the flight,
there was substantially more heat in the aft skirt area. This
caused the aft skirt foam to burn and many of the hydrazine lines
to detonate adding to the heat and soot inside the aft skirt and
on the aft segment.
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The DFI cork just forward of the kick-ring joint had areas of
missing or broken cork intermittently around the full
circumference (see Figure 2). This is a typical condition that
has been observed on past flights. This damage was attributed to
air and water flowing through the joint at splash-down. In a few
locations on this flight, there were soot deposits on the broken
edge of the remaining cork. Because of the soot the Ice and
Debris Team asked that a squawk be written. The squawk was
submitted with non-concur signatures from both the Morton Thiokol
and the MSFC Teams. Pieces of the cork were removed and
examined. Looking at the back of the removed cork, a soot trail
was evident leading from the joint interface to the were the cork
was missing (see figure 3). Figure shows that the sooting only
occurred on the forward edge of the damaged area. The clean aft
edge indicates that the cork was not lost in flight. The Teams
concluded that light sooting was present on past flights and that
the heavier sooting on this flight was caused by an increased
amount of soot trapped in the aft skirt at splash-down. However,
with the Ice and Debris Teams insistence, a Problem Report was
generated. Action was assigned to the KSC Malfunction Lab to
determine when the soot was deposited. Results were
inconclusive.

The Operational Pressure Transducers (OPTs) were inspected prior
to and after removal from the motors. One OPT on the right hand
motor was found to have some case damage (see figure 4). This
damage was noted prior to removal from the motor. A D.R. search
was accomplished. No past damage was indicated. When the damage
occurred is not known. All other inspections were as expected.
All transducers were tight with no evidence of any leakage, the
connectors and wiring were all properly secured, and the ports
were open.

The accelerometer and low pressure fairings were inspected and
found to be in good condition and securely bonded to the motors.
The accelerometer blocks were then hydrolased from the motors and
disassembled. An internal inspection was performed noting that
two accelerometers were not tight against their respective
mounting blocks. These were both axial accelerometers and were
located at station 1479.5, 0 degrees on the right RSRM and
station 839.5, O degrees on the left RSRM. The data from these
sensors appear to be okay, indicating that the sensors came loose
after flight. During the hydrolase operation, the cork ramp on
the front of the accelerometer is the first thing to break away
from the motor. With the ramp missing, the hydrolaser can be
sprayed directly into the fairing loosening the accelerometers.

Since the actual accelerometer is completely enclosed in a
fairing, and the fairing was securely bonded to the motor, there
is no debris concern associated with a loose accelerometer even
if it occurs during flight.
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Water impact damage on the aft dome was less than that observed
on the past two flights. The instrumentation cables that are
bonded to the aft dome have been torn completely off the motor in
the past. On this flight the cables remained attached at both
connectors. The loose part of at least one of the cables hung
down around the nozzle opening causing the divers some problem
when they tried to install the nozzle plugs. The divers were
instructed that these cables could be cut if they are in the way
in the future.

5.2 Measurement Performance

A list of instrumentation is contained in Appendix B, C and D.
These tables include gage locations and observations made while
reviewing the data.

5.2.1 DFI

The DFI on 360L0O03 consisted of 417 channels (appendix B) of
instrumentation. Before launch, 28 gages were damaged or flagged
as not functioning. These gages were waived. Of the remaining
389 gages, 375 (96.4%) performed properly.

Data spikes similar to those seen on 360L001 and 360L002 were
also observed on 360LO03. They occurred on girth gages on both
right and left motors. The spikes were concentrated on the right
motor, with a single spiking gage on the left forward segment.
The spikes on both motors occurred at approximately .25 seconds.

Girth gages on the right RSRM, forward and center field joints
exhibited an unexpected lag in the strain curve, in which the
data showed no apparent strain for approximately .25 seconds.
After .25 seconds the strain curves were as predicted. Spikes
were not observed on gages that showed a data lag.

The cause of these girth gage data anomalies has not been
determined, although the data spiking and lagging phenomena are
probably related. Further study of the problem needs to be
completed to determine why data spiking and lagging are seen on
girth gages, and not on biaxial strain gages.

The igniter pressure transducers on both motors read low during
the early part of the flight. This was the result of polytropic
heating. This problem is explained in detail in TWR-15968.

Instrumentation installed in the nozzle/aft dome consisted of 16
girth gages and 52 strain gages. Of these, 45 gages were
functioning during accent. However, 20 measurements were lost
prior to splash down due to reentry loads and/or chute
deployment.
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Those losses are a result of the breakup of the thermal curtain,
exposing the sensors and cables to excessive heating and
aerodynamic loading. The sensors and cables either failed due to
the heat or break due to aerodynamic loading and/or the shock of
chute deployment.

Instrument losses in the nozzle area could be reduced by
increasing thermal protection, and making the instruments more
resistant to shock loading.

Measurement losses in the nozzle area on 360L001, 360L002,
360L003, as well as on the SRM Program has limited the amount of
nozzle splash down data that is available. The loss of data has
hampered model verification, and has made determining water
impact loads difficult.

5.2.2 GEI

The GEI instrumentation on 360L003 consisted of 108 temperature
sensors (appendix C), RTD s, which monitor motor case temperature
while the motor is on the pad. O©Of the 108 GEI gages, 105 (97.2%)
were functioning before launch. One gage was lost on each of the
forward center segment. One gage on the right hand case-to-
nozzle joint was reading low.

5.2.3 OFI

The OFI on 360L003 consisted of three Operational Pressure
Transducers (OPT), (appendix D) per booster. These OPTs monitor
motor chamber pressure during flight. These pressure transducers
are used to initiate the SRB separation cue and give ballistic
data to verify performance variation. All OFI pressure
transducers functioned as expected.
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APPENDIX A

Post Flight Evaluation Forms
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Morton Thiokol Inc..

Space Operations

Tabie A-|
Instrumentation TPS Condition - Evaluation Checkoff Worksheet

Motor No.: $7S ~©02% |pate: /16 MAR 1989 | Time:
Side: A Left (A) ] Right (B)
Inspector(s): ﬁf‘yan 54 G A

Segment: K| Forward (FWD) [ Forward Center (FCS)

O att Center (ACS) [ Aft (AFT)

Component: TPS
Comment
Tl-=§- Condition Number
A. Charred/Heat Affected Material (HTAFF)? —  Yes v no
B. Missing Material > 1.67" X 1.67" (TPSVD)? L yes — _ no l,
C. Debris/Impact Damage (TPSDM)? v~ yes ____ no /
D. Unbonds (DEBND)? ___yes _ L no

If any of these conditions exist, note:

Starting Ending Starting Ending Circumferential Axial Radial
Condition Station Station Degree Degree Width Length Depth
{Observation Location Location Location Location (In.) (In.) (in.)
Code) _{In.) (In.) (Deg.) (Deg.) (WIDTH) (LENGTH) (DEPTH)
7rPsom $39 /05 6 wd .
TrPSom &// 105 2 e 75 25
Notes / Comments .
/. AFT Epcg 1H'/7S.

2. Shearesd aﬂ;ﬂ s bese 40/‘/4,

correns s ex/”e“//

Comment sheet|s) attached?

REV. _B

2<_ vyes no

[sle o]
NO.

TWR-16475, Book 1]ye. IX
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- Morton Thiokol Inc.

Space Operations

ORIGINAL PAGE IS
OF POOR QUALITY

Motor No.:

IR __7 A

lDato: AV I Time:

Side: Left (A) Inspector(s): . .. . - -
Segment: Forward (FWD) l Component: TPS| Corresponding Comment Number:
- 50.4S 6q(/'5 7709 %
A ' ' / |
— — S
(270°) - l - - - - - - -II:D .
! = !
| f
O =o)
0 - ———0 - - - 1 - - o—
)|
D
| l l
1
90° - = = = = = = = =
ld - oz g0 i
2 C me)
| N P
180° - —— 3 - - - + - H +4—
ue}
C
I 4 D
|
270°—— — — == - - - = - L o -
|
. ! X i
|
STA STA
531.48 851.48
Observation Drawing Worksheet - L.H. Forward Segment TPS Layout
Figure A~1
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-. . Morton Thiokol Inc.
Space Operations

Table A-|
Instrumentation TPS Condition - Evaluation Checkoff Worksheet

Motor No.: €75 -029F |pate: /& er /FET | Time:

Side: X Left (A) [ Right (B)

Inspector(s): /gryon Eau;//

Segment: [0 Forward (FWD) JX] Forward Center (FCS) [ Aft Center (ACS) [ Aft (AFT)

Component: TPS
L Comment
TP nditi o Number
A. Charred/Heat Affected Material (HTAFF)? yes + no
B. Missing Material > 1.87" X 1.87" (TPSVD)? yes " no
C. Debris/Impact Damage (TPSDM)? ¥~ yes no !
D. Unbonds (DEBND)? yes ~ no
If any of these conditions exist, note:
Starting Ending Starting Ending Circumferential Axial Radial
Condition Station Station Degree Degree Width Length Depth
(Observation Location Location Location Location (In.) (In.) (In.)
Code) (In.) (In.) (Deg.) (Deg.) (WIDTH) (LENGTH) (DEPTH)
TSN GeD 110 2 o 75 1 25
TS LOm 738 120 /.5 /.5 25"
Notes / Comments
Comment sheet(s) attached? é yes no
poc
REV. _B No.  TWR-16475, Book 1|yq IX

SEC PAGE 4




Morton Thiokol Inc.

Space Operations

ORIGINAL PAGE IS
OF POOR QUALITY

Motor No.: . -E Eau: s T [Tlmo:
— 1/ —_
Side: Left (A) Inspector(s): .’ /7 ),.1 U Rt P
Segment: Forward Center (FCS) L Component: TPS| Corresponding Comment Number: ___
a3 g
ak\,. ¥ (‘,‘“&" \:JA- A
' - ‘ |
(270°) — 'F%__ - - - - - g—— - i _
| :T;.. |
0 - HH=—= - - - - - - - --—% -
! !
I
1 {
90° - L = = = = = = = = 1 - —
T J
P F: if
: &s'70°
180° — - - - - - - - = —
) -
i 4 !
270° [+ - - %_—- - - - ﬁ_— - —
! -] !
| ~ l
| |
STA STA
851.48 1171.48
Obsearvation Drawing Worksheet - L.H. Forward Center Segment TPS Layout
Figure A-2
poc
REV. _A No.  TWR-16475, Book 1|yo. IX
SEC
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. Morton Thiokol Inc.
Space Operations

Table A-!
Instrumentation TPS Condition - Evaluation Checkoff Worksheet

Motor No.: S7S- 02 9 |oate: /& AR /76F |Time:

Side: X Left (A) [ rignt (B)

Inspector(s): B/‘yﬁ 7 [J’a Ty /7

g rd
Segment: [J Forward (FWD) [[] Forward Center (FCS) [{ Aft Center (ACS) [ Aft (AFT)

Component: TPS
o : Comment
TIPS Condition Number
A. Charred/Heat Affected Material (HTAFF)? ‘ yes I/ no
B. Missing Material > 1.87" X 1.67" (TPSVD)? «  yes : no /
C. Debris/mpact Damage (TPSDM)? v yes no /
D. Unbonds (DEBND)? yes v no
If any of these conditions exist, note:
Starting Ending Starting Ending Circumferential Axial Radial
Condition Station Station Degree Degree Width Length Depth
(Observation Location Location Location Location (In.) (In.) (in.)
Code) (In.) (in.) {Deg.) (Deg.) {WIDTH) (LENGTH) (DEPTH)
TPSON /252 75 2.5 ). 5 , 25
T7PS0mM 340 3/0 /.5 /.5 25
TPSLR )30 55 /s 5. ;5 .25
TPSOM ]340 )32 /1, 725 /. , 25
TPSOM )4 /2 280 2 )5 , 25
Notes / Comments .
). AF7 FpoE H/7S
Comment sheet(3) attached? & yes no
poc
REV. _B NO.  TWR-16475, Book llyo IX

SEC - PAGE 4




Morton Thiokol Inc. cRiGINGL PRGE 1S

Space Operations OF PR CUALTY
Motor No.: =, 3o =4 Date: =~ . - Time:
Side: Left (A) Inspector(s): \ /s FH R, ..
Segmaent: Aft Center (ACS) Component: TPS |Corresponding Comment Number: ___
A:" e ’#‘L A .
& N voov R RS
. \ \ ' ~ '
] I
n ]
(270°) —_—— - - -— - — - - — - H—
{3
! #5/, 310° '
4.5
. - |
0 _— - - ——_T—-- - - -ty H—
N
| , | B 2 !
"1/ 75° ’
90° & — = = = = = — = = U__
L = T
RS
| I
180° ?—— - - ——T—-— - - -t f
! |
B!
[ !
270° 2 - - - - - P R - 41—
[ -t |
, i
l
STA _ STA
1171.48 1491.48

Observation Drawing Worksheet - L.H. Aft Center Segment TPS Layout
Figure A-3
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Morton Thiokol Inc.
- Space Operations

Table A-|
Instrumentation TPS Condition - Evaluation Checkoff Worksheet

Motor No.: S7S~- 029 |pate: /& MAR 178F | Time:

Side: A Lett (A) O rignt (B)

Inspector(s): Bf‘yc:«/z EQ “us /-,
Segment: {J Forward (Fwp) [ Forward Canter (Fcs) [ Aft Center (ACS) X Aft (AFT)

Component: TPS
Comment
TIPS C ndit Number
A. Charred/Heat Affected Material (HTAFF)? — _ Yyes " no V4
B. Missing Material > 1.87" X 1.87” (TPSVD)? ¥~ yes no 2
C. Debris/impact Damage (TPSDM)? L~ yes no = . z
D. Unbonds (DEBND)? _____ yes L~~~ no
If any of these conditions exist, note:
Starting Ending Starting Ending Circumferential Axial Radial
Condition Station Station Degree Degree Width Length Depth
(Observation Location Location Location Location (In.) (In.) (In.)
Code) (In.) (In.) (Deg.) (Deg.) (WIDTH) (LENGTH) (DEPTH)
TAOmM ) 25/ /35 10 d /125
3 r750m /533 /A O 2_ 2 ,25

Notes / Commaents

[, ENTIRE SELMENT HEAVILr SOOTED,

2. AFPT EDGE HMHITS
orK LIAS BLown AwAY fRom THE

PSS 3¢ AREAS b EFE c RROLI D
257 {af%‘f)mﬁ;cacﬂr/om‘s ARE s /WTERM ITTENT LY :P/M?é;? Dby itry
:;71: !Kélecum FERENCE . Si2F RAVEES ~rREM /”u Rk
[

S HEALY
Y LocATion ANDTEL AT S7HA /1833, 190 ° 15
soor o FORWARYD ED&E,
Comment shoet(;.s) attached? x yes no
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Morton Thiokol Inc.

" Space Operations o v
Motor No.: Y. /5h0=z2 [Dato: 3 /;;/ 57 l Time:
Side: Left (A) Inspector(s): . 7. .. B R.Tur<
Segment: Aft (AFT) Component: TPS| Corresponding Comment Number: ___
5 R & ) 8 X
i g S N I\ <
b I .
° ] r" _ ~
(270°) -1 - - - F - - - E=h 15
0° - - - - - - - - - =HE
C
—7
90° - = = = = = = = = = —
—
i S )l
e
180° - 1 - - - - - — - - = -
fud 2 ;.
|
270° . 4 —_ - - - - - - — - -
- ] | L. )
STA / STA
1491.48 1837.08
INTERMITTEN DAmMAGE

Fuce

Observation Drawing Worksheet - L.H. Aft Segment TPS Layout
Figure A-4
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- Morton Thiokol Inc.
Space Operations

Table A-|
Instrumentation TPS Condition - Evaluation Checkoff Worksheet

Motor No.: S7.S ~029 |pate: /6 /HAR 1987 | Time:

Side: O Lett (A) X Right (B)

Inspector(s): g/‘\/a,; 56‘1 G 6

Segment: m Forward (FWD) [] Forward Canter (FCS) [] Aft Center (ACS) D Aft (AFT)

Component: TPS
N Comment
TPS Condition ‘" Number
A. Charred/Heat Affected Material (HTAFF)? yes < no
B. Missing Material > 1.87" X 1.67" (TPSVD)? yes  no
C. Debris/impact Damage (TPSDM)? L~ yes no -/
D. Unbonds (DEBND)? yes L= no
If any of these conditions exist, note:
Starting Ending Starting Ending Circumferential Axial Radial
Condition Station Station Degree Degree Width Length Depth
(Observation Location Location Location Location (In.) (In.) {In.)
Code) (In.) (In.) {Deg.) (Deg.) (WIDTH) (LENGTH) (DEPTH)
TFPSOM 540 8o 2 / 1 25

Notes /| Comments

|, REF EDGE ST

Comment sheet{s) attached? &» yes no

REV. _B__ No.  TWR-16475, Book 1|yo, IX
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Morton Thiokol Inc. RS
Space Operations T
Motor No.: ~,~:pp0= © LDG?O: 5 Vg /" ¢ lTlmo
Side: Right (B) inspector(s): \" S <O A e
Segmaent: Forward (FWD) l Component: TPS| Corresponding Comment Number:
& N \&~
L > il
(270°) —f — - - - - - - —— - —
I !
=
0° ———u‘ - - - = = - - - -1
<
P !
i,- goo
90° . H— = = = = = = = = =3
| [
o
180° —f S ==y~ - - o~ - - - - -
==
| |
270° —{ —=—s— - - - 2= =3 — - - - F —
| L A [
STA STA
531.48 851.48
Observation Drawing Worksheet - R.H. Forward Segment TPS Layout
Figure A-5
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. Morton Thiokol Inc.
Space Operations

Table A-|
Instrumentation TPS Condition - Evaluation Checkoff Worksheet

Motor No.: 75 - 229 Date: /& AIRE /987 | Time:

Side: O Left (A) X Right (8)

Inspector(s): ﬂr‘yaﬂ ,ga. A9 /)
Segment: [0 Forward (FWD) [X Forward Center (FCS) [ Aft Center (ACS) [ Aft (AFT)

Component: TPS
N Comment
TP ndit Number
A. Charred/Heat Affected Material (HTAFF)? yos £~ no
B. Missing Material > 1.87" X 1.67" (TPSVD)? yes £~ no
C. Debris/impact Damage (TPSDM)? L~ yes no /
D. Unbonds (DEBND)? yes £~ no
If any of these conditions exist, note:
Starting Ending Starting Ending Circumferential Axial Radial
Condition Station Station Degree Degree Width | Length Depth
(Observation Location Location Location Location (In.) (in.) (In.)
Code) (In.) (in.) (Deg.) (Deg.) (WIDTH) (LENGTH) (DEPTH)
TPSPOm 739 0 2 -5 25
Notes / Comments
| AFT EPGE  HIT
Comment sheets) attached? X yes no
[olele]
REV. _B__ NO.  TWR-16475, Book 1|y, IX

SEC - PAGE 4




Morton _Thiokol Inc. ORIGINAL PAGE I

Si erations

pace Op OF POOR QUALITY

Motor No.: =50 200 255 Date: 3/’; A l Time:

Side: Right (B) inspector(s): \,T /7/"4 . 5 .’?/,' /; ;e

Segment: Forward Center (FCS) Component: TPS| Corresponding Comment Number: ___

T s D
@270y —{tH=m-— - - - - -— - h__

! | L |
- =
0° — == - — - —_ - -— -——H--
i \- sxF I
! 2
| |
so° —} = = = = = = — = 1 J.
’ o " o - I
1 1
180° —jd=—= — - - - - - - t=—

270° B - -— ﬁ--—— - - - - ﬁ. — - —_

STA STA
851.48 1171.48

Observation Drawing Worksheet - R.H. Forward Center Segment TPS Layout
Figure A-8
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- Morton Thiokol Inc.
Space Operations

Table A-|
Instrumentation TPS Condition - Evaluation Checkoff Worksheet

Motor No.: S/ .S -2 9

/6 MAR 1T 89T

Date:

Time:

Side: [ veft (A)

A Right (8)

Inspector(s): Ef’ya/r /gaug/l

Segment: [] Forward (FWD) [J Forward Canter (FCS) E Aft Center (ACS) [ aft (AFT)
Component: TPS
S, Comment
TP nditi Number
A. Charred/Heat Affected Material (HTAFF)? yes 2~ no
B. Missing Material > 1.67" X 1.87" (TPSVD)? yes - no
C. Debris/impact Damage (TPSDM)? L~ yes no >
D. Unbonds (DEBND)? yes ¢~ no
if any of these conditions exist, note:
Starting Ending Starting Ending Circumferential Axial Radial
Condition Station Station Degree Degree Width Length Depth
{Observation Location Location Location Location (in.) (In.) (In.)
_Code) (In.) (In.) (Deg.) (Deg.) (WIDTH) (LENGTH) (DEPTH)
TASOY 1) 22 2/5 7 / . 25"
TASOom ) 08 /185 1.5 /.5 .25
TPsom  J) B O )OO / / 25
TRPSOom 1265 2 z0 -/ 5 .25
7rPsem )25 2 20 / e 5 .25
rPsom 125 2- 290 /.5 .5 25
Notes / Comments .
), AFT EOGE /7S
Comment sheet\;s) attached? yes no
DOC
REV. _B__ NO.  TWR-16475, Book 1|yq. IX
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. ORIGINAL PAGE IS
Morton Thxok.oLIgc. OF POOR QUALITY
Space Operations

Motor No.: e oo > I Date: Z//g, / 57 I Time:
T ot 2 D+
Side: Right (B) Inspector(s): ., /7 s 3 EuTa,.
Segment: Aft Center (ACS) Component: TPS| Corresponding Comment Number: ____
[ . - [ i \ oy
Y & X B ST
i 1 I}
] __ I
(270°) FE— - - - - -—[:L-— - - - - H—
o {"{ . 290°
{ )
o
0 ! J |
° —_—— - - - - - - — - —
o5 -?
11 30°
! |
1519‘ H
90° e — — = - — — — = e 11—
{100°
| |
180° —— - - ———L—— - - - "‘Lr H -
5 1 95° '
1 |
{250
| i
270° - - - - - -_— - 4—
= B el |
l .
| |
STA STA
1171.48 1491.48

Observation Drawing Worksheet - R.H. Aft Center Segment TPS Layout
Figure A~7
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Morton Thiokol Inc.
Space Operations

‘ Tabie A-l
Instrumentation TPS Condition - Evaluation Checkoff Worksheet

Motor No.: S7.S- ©29 |vate: /6 HAR /95T Time:

Side: Left (A) 3 right (8)

Inspector(s): [D’Pya/l /36’{ “s /7

7
Segment: O Forward (FWD) [[] Forward Center (FCS) [ Aft Center (ACS) (X Aft (AFT)

Component: TPS
e Comment
TP ndit Number
A. Charred/Heat Affected Material (HTAFF)? __  yes __1/ no /
B. Missing Material > 1.87” X 1.87" (TPSVD)? —  Yyes ‘/no
C. Debris/Impact Damage (TPSDM)? __i yes —___no 2_,_?
D. Unbonds (DEBND)? _ _yes _L~ no
If any of these conditions exist, note:
Starting Ending Starting Ending Circumferential Axial Radial
Condition Station Station Degree Degree Width Length Depth
(Observation Location Location Location Location (In.) (In.) {In.)
Code) (In.) (in.) (Deg.) (Deg.) (WIDTH) (LENGTH) (DEPTH)
TPSDM |5 8D 75 2 » 5 25
TREDLM 1550 go /.5 ' 5 25

Notes / Commaents .
| ENTIRE SEGMENRT NWERvILy SOOTED

2 AFT EDGE KT

. A
3, sTH 15833 /RS 32 AREAS WERE cORK whs Brown AwWAY
FRom THE AFT SKIRT Jpwni, Locz-rr/oru.s IRE //VJ'[;?M/TTrAuA)’

- ; ROV e
SPACED AHROLBNVY  Fusre cl/Reum FEA?e’A/éb. S/ZE RAVEES -~
5 crack Yo 4 x /0 ywemes

Comment sheet 3) attached? é yes no

poc
REV. _B No. TWR-16475, Book 1|y IX
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Morton Thiokol Inc. ORIGINAL PAGE i3

.Space Operations OF POOR QUALITY
Motor No.: 6000 3 Date: 7 /{,//; ot lTlmo:
Side: Right (B) Inspector(s): <, 7/, T B.—%,.
Segment: Aft (AFT) Component: TPS| Corresponding AComment Number: ___
ia
N = N N N
‘ 2 & N S &
£ ~ ~ ’ N
paueanriny P | == o~
(270%) - ~- - - - -H—-—F—-—=is
0°— - - - - - - - - =He 1+
C
—
o] 45
15
a0 r"s —
90° — - = = = = — = = = = ——
—— |
L C
180° - - - - - . - - =Hedt
270° — - - - - - . - - - -1
- [ - L -
STA STA
1491.48 1837.09
TwTELmITTEm - DAMALE
Fute ¢ LR um FEREVGE
Observation Drawing Worksheet - R.H. Aft Segment TPS Layout
Figure A-8
DOC
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Morton Thiokol Inc.
Space Operations

Table A-Hl
Pressure Transducaer (OPTs) - Evaluation Chackoff Worksheet

Inspactor(s): Bryan 5@-“9 ;7

Motor No.: 575 - 229 side: (X Left(A) [] Right(B)| pate: /5~ spfar /G#7

Inspection: Klnstalled D Removed Component: Instrumentation
I. Evidence of Combustion Product Leakage (SOOT)?
A. Transducer, 40° SV 6% yes " no
B. Transducer, 130° 27 yes «~ no
C. Transducer, 270° 23 yes “"  no
D. Transducer, 115° yes VA no
. Physical Damage (Nicks, Scratches, Gouges (DAMML))?
A. Transducer, 40° yes 4+~ no
B. Transducer, 180° yes « no
C. Transducer, 270° o yes no
D. Transducer, 115° YA yes /~M’A o
. Loose Transducer (LOOSE)?
A. Transducer, 40° yes " no
B. Transducer, 180° yes “ no
C. Transducer, 270° yes < o
D. Transducer, 115° yes ‘EZ no
IV. Damaged Threads (DBOLT), after removal only?
A. Transducer, 40° yes no
B. Transducer, 180° yes no
C. Transducer, 270° yes no
D. Transducer, 115° yes no
V. Plugged Port (PLGPT), after removal only? B
A. Transducer, 40° yes no
B. Transducer, 180° yes no
C. Transducer, 270° yes no
D. Transducer, 115° yes no
If yes, note the indicated data:
Condition Degree -
(Obsaervation Start
Code) Location Length (In.)
Deg.) If applicable

Notes / Comments —
SERIES ©F MK #ARI<KS o~ cENTER er

CASE @ S AHES plove  AELC v MowE C ¢
L2P6O . woksT ScRATH /S ./ Lomlax =, 01 pé'fg

poc
REV. _B no.  TWR-16475, Book 1{yo. IX
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Morton Thiokol Inc.

Space Operations

Table A-ll

Pressure Transducer (OPTs) - Evaluation Checkoff Worksheet

Inspector(s): /2/\ ) gau;A

Motor No.: Side: P Left(A) [J-Right(B)| Date: /5~ o /FET
Inspection: ] installed ERemoved Component: Instrumentation
.  Evidence of Combustion Product Leakage (SOOT)? e
A. Transducer, 40° yes no
B. Transducer, 180° yes - , ho
C. Transducer, 270° yes no
D. Transducer, 115° yes Ao no
II. Physical Damage (Nicks, Scratches, Gouges (DAMML))?
A. Transducsr, 40° yes «  no
B. Transducer, 180° yes o
C. Transducer, 270° " yes no
D. Transducer, 115° gﬂ: yes A# no
lil. Loose Transducer (LOOSE)? M A
A. Transducer, 40° yes ___ no
B. Transducer, 180° yes no
C. Transducer, 270° yes no
D. Transducer, 115° yes no
IV. Damaged Threads (DBOLT), after removal only?
A. Transducer, 40° yes ¥ no
B. Transducer, 180° yes “ no
C. Transducer, 270° yes “ o
D. Transducer, 115° M A ves A no
V. Plugged Port (PLGPT), after removal only? '
A. Transducer, 40° yes + no
B. Transducer, 180° yes “ _ no
C. Transducer, 270° yes no
D. Transducer, 115° r4 yes /YA no
If yes, note the indicated data:
Condition Degree
(Observation Start
Code) Location Length (in.)
(Deg.) (If applicable)
Notes / Comments r .
SEE TALTALLED L orVDs 700

REV. _B
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Morton Thiokol Inc.
Space Operations

. ) Table A-lI
- Pressure Transducer (OPTs) - Evaluation Chackoff Worksheet
Inspector(s): Eﬂrﬁﬂ) ﬂﬂuar/
Motor No.: S7§- 29 Side: [ Left(A) E Right(B)| Date: /) S Har /989
Inspection: &nstallod O rRemoved Component: Instrumentation
I. Evidence of Combustion Product Leakage (SOOT)?
A. Transducer, 40° S/ GO f/ yes <« no
B. Transducer, 180° 72 yes <« no
C. Transducer, 270° 137 yes ¢~ no
D. Transducer, 115° 13 R3 yes L~ ho
I. Physical Damage (Nicks, Scratches, Gouges (DAMML))?
A. Transducer, 40° yes ¢~ no
B. Transducer, 180° yes & no
C. Transducer, 270° yes “  no
D. Transducer, 115° yes ¢~ no
ll. Loose Transducer (LOOSE)?
A. Transducer, 40° yes ¢~ no
B. Transducer, 180° yes ¢~ no
C. Transducer, 270° yes ¢~ no
D. Transducser, 115° yes <« no
IV. Damaged Threads (DBOLT), after removal only?
A. Transducer, 40° yes no
. B. Transducer, 180° yes no
C. Transducer, 270° yes no
D. Transducer, 115° yes no
V. Plugged Port (PLGPT), after removal only? '
A. Transducer, 40° yes no
B. Transducer, 180° yes no
C. Transducer, 270° yes no
D. Transducer, 115° yes no
If yes, note the indicated data:
Condition Degree
(Observation Start
Code) Location Length (In.)
(Deg.) (if applicable)
Notes / Comments
W
ooc
REV. _B__ No.  TWR-16475, Book 1|yo. IX
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Morton Thiokol Inc.

Space Operations

Table A-lt
Pressure Transducer (OPTs) - Evaluation Checkoff Worksheet

Inspector(s): /3")’0'\ ga ut;/)

Motor No.: S/ S ’27

side: [J Left(A) [ Right(B)

pate: /S far /95 Vi

Inspection: ] installed

ﬂ Removed

Componant: Instrumentation

l. Evidence of Combustion Product Leakaga (SOOT)?

A. Transducer, 40°
B. Transducer, 180°
.. C. Transducer, 270°
D. Transducer, 115°

yes
yes
yes
yes

l. Physical Damage (Nicks, Scratches, Gouges (DAMML))?

A. Transducer, 40°
B. Transducer, 180°
C. Transducer, 270°
D. Trangducer, 115°

ll. Loose Transducer (LOOSE)? /A

A. Transducer, 40°
B. Transducer, 180°
C. Transducer, 270°
D. Transducer, 115°

IV. Damaged Threads (DBOLT), after removal only

A. Transducer, 40°
B. Transducer, 180°
C. Transducer, 270°
D. Transducer, 115°

V. Plugged Port (PLGPT), after removal only?

A. Transducer, 40°

B. Transducer, 180°

C. Trangducer, 270°

D. Transducer, 115°

If yes, note the indicated data:
Condition
(Observation
Code)

Degree
Start
Location

(Deg.)

yes
yes
yes
yeos

yes
yes
yes
yes

yes
yes
yes
yes

yes
yes
yes
yes

EE LT T

Length (In.)

333 3
0 00O

3333
0 000

no
no
no
no

no
no
no
no

no
no
no
no

NS BNAR RKs

(If applicable)

Notes / Commaents

DoC
NO.




- Morton Thiokol Inc.
Space Operations

OBSERVATION CLARIFICATION FORM

Motor No. :1—5—_0%_?_ Inspector(s) B’:xa-n 23 awug A

[0 Left (A) B Right (B) Date /8 Ha- EF
Segment: [] Forward [] Forward Center m Aft Canter [] Aft O Nozzie
Joint: Component: Acceler ome -
Location: Starting Station (In.) Y 2F-5 Ending Station (In.)

Starting Degree o Ending Degree
Size: Circumferential Width (In.) Axial Length (In.)

Radial Distance (In.)
Description: Pxcrel & cce P"‘OMc?LPI" /5 /oos e,

(Aop ros st e te //y / TArﬁao/’)

Zoaspectretrs allem removel fLrom Fhe ptoreo ~

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

Figure A-9

00cC
REV. _B No.  TWR-16475, Book 1|v0L X
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Morton Thiokol Inc.
Space Operations

OBSERVATION CLARIFICATION FORM

Motor No. S75-029 inspector(s) ﬁr‘lyc« n Ba vg ;7

E Left (A) [ Right (B) Date /& /Mar &F
Segment: [J Forward [J Forward Center [ Aft Center [J Aft CNozzie
Joint: Component: Aecelerome fer
Location: Starting Station (In.) _ 832 5~ Ending Station (In.)

Starting Degree < Ending Degree
Size: Circumferential Width (In.) _________ Axial Length (in.)

Radial Distance (In.) .
Description: Ax/e! & ccelerometer 15 J/oose.

/¢4j rox s Me /"'59 £ Fheeocd )

Zn;‘/(o"?o/ el e~ prentove ) froa FAe motor—

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to expiain the observation.

Figure A-9

DoC
eV NOo.  TWR-16475, Book 1IV°L IX
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. Morton Thiokol Inc.
Space Operations

OBSERVATION CLARIFICATION FORM

Motor No. S 75 = 029 Inspector(s) E"'YG n ga 0,9 /7

I Left (A) EX Right (B) Date [ 7 /Par57
Segment: [] Forward [] Forward Center [] Aft Center KAH (O Nozzle
Joint: Component: D/‘:/E/a£Z C ABdES
Location: Starting Station (In.) Ending Station (In.)

Starting Degree Ending Degree
Size: Circumferential Width (in.) ______ Axial Length (In.)

Radial Distance (in.)

Description: CABLE  BEcANIE __UNRONDLED ;RO HFT Lar7&
‘Célgje /3 575// o K e o a./‘ FAe roos e }4\;/./.
Dirers Seportes some frpuble socteSlong o022/
)ﬂ/uqf d/g cavse W/'/&S w er & o c oSS 7"[5— =’
2l FAe snozz/e,

Sketch observation below or attach worksheets and list below. Indicate orientation and dimensions.
Show as much detail as necessary to explain the observation.

Figure A-9

D
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SRB/SRM POSTFLIGHT HARDWARE ASSESSMENT Page

SQUAWK SHEET . of
2. DETECTED OURING 3. WORK AREA 4. SQUAWK ID NUMBER 4A.SAB SI0E
OPRe™ Jiewswas A AL P\F Q‘{q,ooq Q wH ‘g( RH
5. WORK UNIT CO0E 6. PART NAME - T. PART NUMBER 8. SERIAL NUMBER 9. QUANTITY
BT st AET SELmemT -
AT Seencum Tk CresEOwT bl 04
11. NHA/PN 12. STS NUMBER 13. REPORTED BY {NAME/ORG) 14, DATE/TIME
/p/ﬂ(f’-ﬁa <0 4TS ZO\R R\g_“.m Sﬁ‘E\)g\)&J‘\)RSA’ %h"n , ILoo
15. PHOTOGRAPH ID NUMBER 15A. PHOTO ORQANIZATION \ ;
109484 Thyy =5 Quselt OMTI O OTHER
16. ITEM 17. PROBLEM DISCRIPTION

DET ,
A&c&\& CLroSEoux v TR AT SCRT Frigt 30T

uee Qe 15 Aesb SHowS  Se6mS OF | Seemindb

WAL ATWE of GAL eSS PR . <Quat B Denn .,

g Direres Loamonsy' & 276 215" 2€0° 334"

— s - Forward edacs cxhibit met sdamsntio®” — 7 .
3Ho 3FTOT, Nk Qetter deacee op rox: matione@nd dimensions 2appear tobe
e (33"x") 2043k ") 278 (431 S 288° (%),

350° [ZA T ] < AWy, B15° (67X {3/87) 326°( dim " X172")]
& . Y us BRABRRDE 1 S WERUESTEN "R THE

DeRWLS  TERWM

18. ASSESSMENT TEAM CONCURRENCE

P L

po & oo Z /Za/L// A

7. CONTRACTOR ASSESSMENT ENGINEER MSFC ASSESSMENT ENGNEER

19, é_xecunvs BOARD DISPOSITION 20. PR NUMBER
PR REQUIRED (] = PR NOT REQUIRED [

21, REMARKS

p)

CONTRACTOR BOARD MEMBER/DATE BOARD CHAIRMAN/DATE

- f:-a"b«L Pt 18
UF POOR CUALITY




BB
v

SRB/SAM POSTFLIGHT HARDWARE ASSESSMENT Page

’z SQUAWK SHEET : of
A "DETECTED OURING 3. WORK AREA 4. SQUAWK D NUMBER 4A.SRB SIOE
DP = Viewwa Has Ga A= Ag-008 W Q A4
WORK UNIT CODE 8. PARAT NAM 7. PART NUMBER 8. SERIAL NUMBER 8. QUANTITY
AETLRNT [ ACT SEGMEnT
SeLmeuT Conl. Lo E 6T l uq(ﬂ U’F"O‘ ‘
IPN 12. STS NUMBER 13. REPQRATED BY (NAME/ORG) 14. DATE/TIME
oo - 0050 <K '?_CEL V.\L&ML\L STE\]&‘DS (M‘\SA 3l /\BOO
‘PHOTOGRAPH 1D NUMBER 15A. PHOTO ORGANIZATION M
109449 -2 { of 140° Lorsds Duset  OMT O OTHER

(JTEM 17. PROBLEM DISCRIPTION

Co‘u{. CLREOUT AT TUHWE  APFT SKILT ey JowmT

AT THE, TOLLOWIWI (G stk TioP S v MG A(le_—ng

b LWiaellg CoRV g NGOG SHaws Srar S oF

S soTim \RBRIWCATVWE s Coftll. L ess T Te

¥ <SPLASH  Dawow .

DECLEE  \ocAmondS o 140" \bo® rgo©
i
I e%ﬂtdwc dimenstons are . siimsis® 2V, XZ” 3”)(!')2 33/4 X2 Yy

: L SQUAWLY
" NSTE - Tas 5—?&-&#@\« VS Qr.Qut:S’rEh =N —‘—“’t
; DEVTUS  TEWMA,

SSESSMEPT TEAM CONCURRENCE -

N B L By — 7. .

CONTRACTOR ASSESSMENT ENGINEER -1 MSFC ASSESSMENT sﬁmssn
: ECUTIVE BOARD DISPOSITION 20. PR NUMBER
} PR REQUIRED (] PR NOT REQUIRED [

EMARKS
o

4

-

OVALS

CONTRACTOR BOARD MEMBER/OATE ‘ BOARD CHAIRMAN/DATE

Wyl }-

3 Wiyym 3L
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